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ABSTRACT - The objective of this study was to verify whether maize cultivars behave
differently, in competition with weeds, to produce green ears and grain. Randomized
complete block design was used, with split-plots and five replications. Cultivars AG
405, AG 2060, BA 8517, BA 9513, DKB 435 and EX 6005, applied to the plots, underwent
the following treatments: without weeding and two weedings (22 and 41 days after
planting). Only ten weed species were found in the experiment, many of which were
gramineae. There was no difference among cultivars in relation to the number of weeds
m-2. The number of weeds in the weeded plots (70.0 m-2) was superior to the one of the
no-weeded plots (32.8 m-2). The cultivars only differed in grain yield when the weeds
were controlled, with BA 8517 cultivar standing out as being superior. Therefore, the
cultivars presented different reductions in grain yield with the presence of weeds
suggesting that some (AG 405, BA 9513 and EX 6005) are more competitive than others
against weeds. The weeds reduced green ears yield, in addition to 16 of the 26 evaluated
characteristics, including some traits of the stalk, leaves, tassel, ear and grain.

Key words: Zea mays, green ears yield, green corn, grain yield.

VARIAÇÃO NA PRODUÇÃO DE ESPIGAS VERDES E GRÃOS DE MILHO EM
RESPOSTA A COMPETIÇÃO COM PLANTAS DANINHAS

RESUMO - O objetivo deste estudo foi verificar se cultivares de milho comportam-se
diferentemente, em competição com plantas daninhas, para produzir espigas verdes e
grãos. Utilizou-se o delineamento de blocos ao acaso, com parcelas subdivididas e cinco
repetições. As cultivares AG 405, AG 2060, BA 8517, BA 9513, DKB 435 e EX6005,
aplicadas às parcelas, foram submetidas aos seguintes tratamentos: sem capinas e duas
capinas (aos 22 e 41 dias após o plantio). Somente dez espécies de plantas daninhas
ocorreram no experimento, sendo gramíneas a maioria delas. Não existiram diferenças
entre cultivares quanto ao número de plantas daninhas m-2. O número de plantas dani-
nhas nas parcelas não-capinadas (70,0 m-2) foi superior ao das parcelas capinadas (32,8
m-2). As cultivares somente diferiram quanto ao rendimento de grãos quando as plantas
daninhas foram controladas, com a cultivar BA 8517 destacando-se como superior. Por-
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tanto, as cultivares apresentaram diferentes reduções no rendimento de grãos, com a
presença de plantas daninhas, sugerindo que algumas (AG 405, BA 9513 e EX 6005) são
mais competitivas que outras contra as plantas daninhas. As plantas daninhas reduziram
o rendimento de espigas verdes, além de 16 das 26 características avaliadas, incluindo
algumas características do caule, folhas, pendão, espiga e grão.

Palavras-chave: Zea mays, rendimento de espigas verdes, milho verde, rendimento de grãos.

The need to reduce herbicide applicati-
ons to protect the environment slow the develop-
ment of herbicide resistance evolution in weeds,
and reduce growing costs has renewed interest
in improving crop cultivar interference with weed
growth (Pester et al., 1999).

Weed competitiveness of crops has two
components: weed tolerance, i.e., the ability to
maintain high yields despite weed competition,
and weed suppressive ability, i.e., the ability to
reduce growth through competition (Jannink et
al., 2000). Crops with increased competitiveness
may be more effective in weed suppression, to-
lerate interference better, or both (Jordan, 1993).
Such cultivars would be particularly useful for
reducing hand weeding requirements in labor-li-
mited systems where weed competition is a se-
rious constraint. Improving cultivar competitive-
ness is an attractive weed management strategy
because it is low cost, useful low and high-input
cropping systems, and, once available, improved
cultivars are easily delivered to and used by far-
mers (Caton et al., 2003).

Varietal differences in suppression capa-
city of weeds were reported for several crops, in-
cluding maize (Begna et al., 2001). Tollenaar et
al. (1994) verified that with a large incidence of
weeds and a high nitrogen level, a “modern” hy-
brid of maize demonstrated less average yield loss
(11%) than an older hybrid (17%). The greater
yield losses of the older hybrid, in two nitrogen
levels, were attributed to less efficiency in nitro-

gen use and the differences between the hybrids
in leaf area index (LAI) and photosynthetic pho-
ton flux density.

 Plant height, leaf development rate, LAI,
and crown leaf distribution are among the most
important characteristics in the competition for
light (Sinoquet and Caldwell, 1995). Characte-
ristics such as these can be improved through crop
practices, such as changing the spacing or plant
density, and/or plant breeding (Lindquist & Mor-
tensen, 1998). These approaches can help maize
plants compete better with weeds and help far-
mers to reduce herbicide quantities required to
control the weeds, and consequently, reduce en-
vironmental damage (Begna et al. 2001).

The objective of this study was to verify
whether maize cultivars behave differently in
competition with weeds to produce grain and gre-
en ears.

Material and Methods

The experiment was carried out at the
“Rafael Fernandes” Experimental Farm at the
Universidade Federal Rural do Semi-Árido
(UFERSA), 20 km from the county seat, Mosso-
ró-RN, Brazil (5º’ latitude, 37º 20’ WGr longitu-
de and an altitude of 18 m), with sprinkler irriga-
tion. According to Gaussen’s bioclimatic classi-
fication, the climate in the Mossoró region is of
the 4ath type, that is, distinctly xerothermic, whi-
ch means hot tropical and accentuated drought,
with a long 7 to 8 month season and a xerother-
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mic index between 150 and 200. According to
Köppen, the region’s bioclimate is BSwh, that
is, hot, with greater precipitation delaying into
the autumn. The region has an average minimum
air temperature ranging between 21.3 and 23.7º
C and an average maximum between 32.1 and
34.5º C, with June and July as the coolest mon-
ths, and average annual precipitation of around
825 mm (Carmo Filho & Oliveira, 1989).

The experimental soil, classified accor-
ding to the Brazilian Soil Classification System
as Argissolo Vermelho-Amarelo Eutrófico (Sis-
tema, 1999) and as Ferric Lixisol according to
the Soil Map of the World (FAO, 1988), was pre-
pared with two plowings and fertilized with 30
kg ha-1 of N (urea), 60 kg ha-1 of P

2
O

5
 (simple

superphosphate) and 30 kg ha-1 of K
2
O (potas-

sium chloride). The fertilizers were placed in fur-
rows located alongside and below the sowing
furrows. The analysis of a sample of the experi-
mental soil indicated: pH = 6.8; P = 25.0 mg
dm –3; K+ = 0.10 cmol

c 
dm–3; Ca2+ = 1.80 cmol

c

dm–3; Mg2+ = 0.40 cmol
c 
dm–3; Al3+ = 0.00 cmol

c

dm–3; Na+ = 0.01 cmol
c 
dm–3 and organic matter

= 1.90 g kg–1.
Sowing was made on 3/21/2004, using

four seeds per hole. Spacing of 1.0 m was used
between rows and the holes in the same row were
spaced at 0.4 m. The thinning was carried out on
the 17th day, leaving the two strongest plants in
each hole. Therefore, after thinning, the experi-
ment had a programmed planting density of 50
thousand plants/ha. Deltamethrin (250 ml/ha) was
sprayed on the crop 12 days after sowing to con-
trol the “fall armyworm” (Spodoptera frugiper-
da Smith), the crop’s main pest in the region. On
days 22 and 41 sidedressing fertilizations were
done using 30 kg/ha (urea).

Randomized complete block design was
used, with split-plots and five replications. Each

experimental unit consisted of four rows measu-
ring 6.0 m in length each. The useful area was
considered to be the area occupied by the two
5.2 m central rows. Cultivars AG 405, AG 2060,
BA 8517, BA 9513, DKB 435, and EX 6005,
applied to the plots, underwent the following tre-
atments: without weeding and two weedings (22
and 41 days after planting). The weedings were
performed with a hoe, and the same employee
was designated to carry out the job in each blo-
ck.

The following variables were evaluated
in maize plants, based on randomized samplings
obtained from the central rows of each plot: (a)
plant height = distance from the soil level up to
the highest leaf insertion; and ear insertion hei-
ght = distance from the soil level up to the hi-
ghest ear insertion (both measured in ten plants,
at the harvest time of dry plants); (b) internodes’
number, length and diameter (from three plants);
(c) leaf length, width and area (evaluated in the
upper seven leaves of three plants after the har-
vest of green ears); (d) tassels’ branch number,
length and dry biomass (from three plants); (e)
green ear yield (green ears from one central row);
(f) grain yield (grain humidity corrected for 15.5%
humidity) and number of ears, determined from
mature ears from one central row, and estimated
for one hectare based on the useful subplot area;
(f) number of grains per ear; number of grain-
rows per ear; ear and cob diameter (from a ten-
ear sample); 100-grain weight (ten samples of 100
g); grain width, height, and thickness (from 20
grains sample). The tassel dry biomass was ob-
tained after sample drying in a forced-air oven
at 75oC until constant mass. Leaf area was
evaluated using a leaf area meter LI 3100 (LI-
COR Inc.). Leaf length and width, and internodes’
length were measured using a ruler; internodes’
diameter was determined with a digital caliper.
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At 100 days after sowing the composition of the
weeds present in the experiment was evaluated.
The weeds were collected, by cutting them even
with the soil, and counted in two areas randomly
chosen in the useful area of each plot delimited
by an 0.5 m x 0.5 m wooden frame.

The soil was prepared using a tractor, the
sprayings were carried out with a backpack
sprayer and the other operations were done ma-
nually.

The data were analyzed statistically using
the analysis of variance method (Zar, 1999). The
number of weeds m-2 that occurred in the experi-
mental area were transformed to before analysis
of variance.

Results and Discussion

Only ten weed species were found in the
experiment, many of which were gramineae: Al-
ternanthera ficoidea (L.) P. Beauv. (Amarantha-
ceae); Borreria verticilata (L.) G.F.W. Meyer.
(Rubiaceae); Cenchrus echinatus L. (Gramine-
ae); Commelina sp. L. (Commelinaceae); Cucu-
mis anguria L. (Cucurbitaceae); Dactyloctenium
(L.) Beauv. (Gramineae); Digitaria sanguinalis
(L.) Scop. (Gramineae); Melochia pyramidata L.
(Sterculiaceae); Phyllanthus niruri L. (Euphor-
biaceae) and Senna uniflora (P.Mill) Irwin &Bar-
neby (Leguminosae).

This low number of species might pro-
bably be associated to the intensive maize crop-
ping in the area during the last ten years (two
cultivations per year involving disk leveling and
fertilization). Usually the weed biomass produc-
tion, as well as the plant diversity and density are
lower in the conventional cultivation (intensive
soil preparation and high rates of agrochemicals),
intermediary in the minimum tillage system, and
higher in the organic system (Menalled et al.,
2001). The weed population in a specific area

depends on several factors and although such
population is composed of different species, some
few usually dominate, corresponding to 70 % -
90 % of the total species (Buhler, 1999). There
was no difference among cultivars in relation to
the number of weeds m-2.

There was no cultivar effect as to: inter-
node diameter (CVa = 9 %), plant height (CVa =
13 %), and ear height (CVa = 8 %), weight of
green ears with husk (CVa = 17 %), grain width
(CVa = 3 %), grain thickness (CVa = 3 %), and
grain height (CVa = 11 %). There was no weed
control effect on the internode number (CVb =
12.6 %), internode length (CVb = 7 %), and the
tassel length (CVb = 8 %). There was no cultivar
and weed control effect on the length of tassel
branches (average of 20.1 cm, CVa = 9 %, and
CVb = 11 %), length of green ears with husks
(average of 28.1 cm, CVa = 22 %, and CVb = 19
%) and unhusked ear (average of 17.9 cm, CVa =
20 %, and CVb = 19 %), total number of green
ears (average of 47,853 ears ha-1, CVa = 9 %, and
CVb = 9 %), and number of mature ears (avera-
ge of 47,834 ears ha-1, CVa = 6 % and CVb = 7
%). The interaction between cultivars and weed
controls only occurred in grain yield. Thus, for
the other characteristics only the main effects
from the two treatment groups will be presented
(Tables 2 and 3).

The cultivars only differed in grain yield
when the weeds were controlled, with BA 8517
standing out as being superior (Table 2). There-
fore, the cultivars presented different reductions
in grain yields with the presence of weeds su-
ggesting that some (AG 405, BA 9513, and EX
6005) are more tolerant than others to weeds.
Similar observations were reported by other au-
thors (Ford & Pleasant, 1994; Begna et al., 2001;
Gomes, 2005). The interactions between maize
cultivar and weed plants will depend on the sea-
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sonal year, which will affect weed plant popula-
tion (Ford & Pleasant, 1994). The superiority of
some maize hybrids in the presence of weeds
might not be due to their ability to reduce weed
growth through better plant architecture or higher
water and nutrient competition, but to their hi-
gher ability to maintain grain production in the
presence of high weed incidence (Ford & Plea-
sant, 1994). The cultivars vs. weed control inte-
raction was detected only in the grain yield for
some causes. For example, it did not occur in the
components of the grain yield and in the green
ears yield. Different characteristics are obvious-
ly evaluated with different precisions. Green ears
and grain are differently-exploited products. Ears
considered worthless as green corn can be per-
fectly used when the goal is to produce dry grain.
Besides, the green ears are harvested at least 20
days before of the mature ears harvest. Thus, the

harmful effect of the weeds would be bigger on
the grain yield than in the green ears yield.

The yield differences among cultivars
were due to the differences in the number of
grains ear-1 and the weight of 100 grains, so long
as they did not differ as to the other production
component (number of ears ha-1). Although they
did not differ in 100-grain weight, the cultivars
did not differ in grain dimensions. One possible
explanation for this is that these measurements
were evaluated in their maximum dimensions.
For example, grain width was measured at the
widest part of the grain. It is probable that the
cultivars will differ in these terms if the grain
width is measured at another point of the grain.
The fact that the cultivars differ as to the number
of rows of grain in the ear (table 1) supports this
idea. Although the cultivars have behaved diffe-
rently in relation to weed control, they did not

TABLE 1. Means for traits of maize cultivars with and without weeding1

1 Means followed by the same letters, small letters in the columns and capital in the lines, do not differ by Tukey’s test (P < 0.05).
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differ as to the characteristics considered impor-
tant in competition with weeds, such as plant
height and leaf characteristics (Sinoquet & Cal-
dwell, 1995). It is also true that there were diffe-
rences among cultivars in terms of internode num-
ber and internode length (Table 1) indicating di-
fferences in the number and possibly arrangement
and total area of leaves. The cultivars that pre-
sented the greatest number of internodes were not
those that presented the greatest internode leng-
th, which explains the absence of differences
among cultivars with regard to plant height and
ear height (Table 1).

Weeds reduced 18 of the 26 evaluated
characteristics, including those involving the
stalk, leaves, tassel, ear, and grain (Table 2). Re-
ductions in corn leaf area (Aflakpui et al., 2002),
plant height (Begna et al., 2001), green ear yield

(Silva et al., 2004a), grain yield (Silva et al.,
2004b) and other traits (Gomes, 2005) caused by
weeds were also observed by other authors.

The weeds reduce crop yield by compe-
ting with them for water, nutrients and light (Car-
ruthers et al., 1998). The removal of nutrients by
weeds has an impact on nutrient availability for
the crop, thus affecting its accumulation of dry
matter (Sreenivas & Satyanarayana, 1996). Ac-
tually, N absorption by weeds can vary from 32.4
kg ha-1 to 52.3 kg ha-1, depending on the type of
control; in the case of P

2
O

5
, the variation was 4.3

kg ha-1 to 7.2 kg ha-1 and in the case of K
2
O, from

32.1 kg ha-1 to 38.9 kg ha-1. Nitrogen deficiency
symptoms develop earlier in corn infested with
weeds than in corn that has been cleared of wee-
ds, which implies N depletion in the soil with
corn planted with weeds (Rajcan & Swanton,

TABLE 2. Means for traits of six maize cultivars evaluated with and without weddings.

1Means followed by the same letters in the line do not differ by Tukey’s test (P < 0.05).
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2001). Furthermore, reductions in corn yield are
less with high doses of nitrogen than with small
doses (Tollenaar et al., 1997). But another aspect
must be involved.

The corn root system is less developed
with weed presence (Thomas and Allison, 1975).
Thus, a smaller corn root system due to weed
presence would be less efficient in nutrient ab-
sorption. The corn crop develops stress symptoms
due to lack of water earlier when it is infested by
weeds than when it is weed free (Tollenaar et al.,
1997). Nevertheless, there are no differences in
water content in the profile of the soil for corn
with or without weeds (Tollenaar et al., 1997). In
reality, water content in corn plots with weeds
was greater than in the crop plots without weeds
(Thomas & Allison, 1975). The development of
water stress symptoms with the presence of wee-
ds may not be caused by water availability, but
by the reduced ability to absorb water through
the root system. Therefore, despite the fact that
the experiment on which this study was based
used irrigation, the reduction in the corn root sys-
tem caused by the weeds would reduce water
absorption capacity. Water deficiency induces the
closing of stomata thus paralyzing photosynthe-
sis and drastically reducing production in corn
competing with weeds (Silva et al., 2004b). This
problem is aggravated if there are C

4 
weeds in

the area, such as the Cenchrus echinatus L. that
like corn, have high efficiency in water use (Sil-
va et al., 2004b). Another possibility would be
the weed root exudates that could inhibit corn
root growth (Rajcan & Swanton, 2001).

Two components are involved in the com-
petition for light: the quantity and quality of li-
ght. The quantitative component of light deter-
mines photosynthetic activity, whereas the qua-
lity of light influences plant morphology. An im-
portant characteristic of corn is that most of the

light is intercepted by the younger, more effici-
ent leaves above the ear and less than 10% of the
photon flux density (PFD) reaches the leaves
below 1 m. On the other hand, most weeds are
less than 1 m in height at blooming and after bloo-
ming. Thus, direct competition for PFD between
corn and weeds is relatively small. Even in weed
free crops, the leaves below the ear are in the
shadows of the upper leaves and are older. Con-
sequently, their photosynthetic rates are smaller
than those of the upper leaves. That means that
corn yield loss due to competition with weeds
for PFD cannot be explained by the reduced pho-
tosynthetic rates of the lower leaves in the sha-
dow of weeds. The leaf area index (LAI) defi-
nes the ability of a plant to intercept PFD and it
is an important determining factor for the accu-
mulation of dry matter. A high degree of com-
petition with weeds was seen (Tollenaar et al.,
1994) to reduce corn LAI at blooming by 15%.
Thus, grain yield loss resulting from competiti-
on for light is best explained through the reduc-
tion in LAI than in lower photosynthetic rates
of shaded leaves (Rajcan & Swanton, 2001).
Actually, in the experiment on which this study
is based, a reduction was observed in the corn
leaf area (Table 2), which agrees with other au-
thors (Aflakpui et al., 2002), due to competiti-
on with weeds. Other authors (Ford & Pleasant,
1994) also verified a reduction in the number of
corn leaves due to weeds.

It is interesting to mention that the reduc-
tion in leaf area (Table 2) should reduce shadows
on weeds making them more aggressive towards
corn, and therefore generating a vicious cycle for
the crop: the weeds reduce the corn leaf area, and
this reduction favors the growth of weeds, and
so on.

The lower leaves are not only exposed to
a reduced amount of PFD, but they also receive a
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quality of light that differs from the total sunli-
ght received by the upper leaves. The light wi-
thin the crown is rich in far red radiation, FR (730
at 740 nm). This is caused by the selective ab-
sorption of red light, R (660-670 nm) by pho-
tosynthetic pigments and the reflection of FR li-
ght by green leaves. This makes the far-red/red
(FR/R) ratio greater in the lower part of the cro-
wn than on the upper part of the crown. The FR/
R ratio plays an important role in the induction
of many morphological changes in plant archi-
tecture (lengthening of the stem, apical dominan-
ce, reduced branching, thinner leaves, leaf area
distribution, etc.) (Salisbury & Ross, 1991). Con-
sequently, plants that grow in FR rich light tend
to have a different architecture than plants that
grow in complete sunlight. Shaded plants tend to
allocate more leaf area in the upper portion of
the crown where more light is available, whereas
plants grown in complete sunlight have a more
pyramid-shaped leaf area distribution, which li-
mits the shading of lower leaves by upper ones.
Although, as mentioned before, weeds generally
do not shade corn, there are indications that corn
grown in the presence of weeds receives a grea-
ter FR/R ratio than the weed free crop (Rajcan &
Swanton, 2001).

Conclusions

Only ten weed species were found in the
experiment, many of which were gramineae. The
cultivars only differed in grain yield when the
weeds were controlled, with BA 8517 cultivar
standing out as being superior. The cultivars AG
405, BA 9513, and EX 6005 are more competiti-
ve than AG 2060, BA 8517, and DKB 435 against
weeds. The weeds reduced green ears yield besi-
des 16 of the 26 evaluated characteristics, inclu-
ding some traits of the stalk, leaves, tassel, ear,
and grain.
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